SUMMARY In a patient with clinical features of massive pulmonary embolism, two-dimensional echocardiography demonstrated an echo-dense mass moving freely across the tricuspid valve between the right atrium and right ventricle. This mass was also visualized at angiography, which in addition confirmed extensive pulmonary embolism. At autopsy, the mass was found to be a coiled thrombus, one end of which had become wedged in a probe-patent foramen ovale. In another patient, bedside echocardiographic demonstration of thrombus in the right ventricular outflow tract was followed by immediate and successful embolectomy.
MASSIVE PULMONARY thromboembolism is a common clinical problem. Pulmonary angiography is an accurate method of diagnosis, but when performed to outline the pulmonary vasculature in the most detailed and complete way (by injection of dye into the main pulmonary artery),' does not outline the rightsided cardiac chambers. In this report, we describe a patient in whom two-dimensional echocardiography demonstrated the presence, subsequently confirmed by angiography, of coiled thrombus in the right atrium and the right ventricle. Echocardiography has not been extensively used to assess patients with pulmonary embolism, but we believe that it may have a useful role.
Case Report A 65-year-old woman presented to the Royal Infirmary of Edinburgh with the sudden onset of dyspnea, which persisted for 8 days. She was initially found to have signs of right-sided heart failure and her physician recommended bedrest and diuretics. On the day of admission to the hospital, she had become more dyspneic and light-headed. The patient had no history of significant previous illness and was a nonsmoker.
Physical examination revealed an obese woman, clearly distressed by dyspnea. She had central cyanosis with a regular tachycardia of 120 beats/min and a blood pressure of 95/60 mm Hg (by sphygmomanometer). The jugular venous pressure was grossly elevated, but there was no detectable hepatomegaly or peripheral edema. There was no clinical evidence of deep vein thrombosis. On auscultation, there was a marked gallop rhythm; the third and fourth heart sounds were heard maximally at the lower left sternal edge. There were no cardiac murmurs. Examination of the lungs was normal and general examination was otherwise unremarkable.
A 12-lead ECG showed sinus tachycardia with nonspecific ST-T-wave changes. The Because the patient was obese and had dyspnea, we could not obtain an M-mode echocardiogram of diagnostic quality. Two-dimensional echocardiography was also difficult, but the right-sided cardiac chambers were visualized from an apical approach. An echodense mass was consistently seen moving back and forth across the tricuspid valve between right atrium and right ventricle. There was no obvious point of attachment of the mass to the atrial or the ventricular wall ( fig. 1 ).
Cardiac Catheterization
The differential diagnosis included intracavitary thrombus, a right atrial myxoma and a right ventricular tumor. Approximately 18 hours after admission, rightheart catheterization was performed. The right-heart pressures were elevated (mean right atrial pressure 18 mm Hg; right ventricle 65/15 mm Hg) and there was moderate pulmonary hypertension (main pulmonary artery pressure 65/20 mm Hg). Right atrial angiography showed a large, apparently coiled mass moving freely across the tricuspid valve between the right atrium and the right ventricle (fig. 2) ; pulmonary angiography showed occlusion of several major pulmonary arterial branches.
Clinical Course
After cardiac catheterization, a continuous i. v. infusion of streptokinase was started, but despite adequate dosage (according to the results of hematologic monitoring) and initial clinical improvement, she suddenly collapsed and died 30 hours after the commencement of this therapy. Autopsy Findings There was no evidence of venous thrombosis in the leg or pelvic veins or in the inferior vena cava. Most of the major pulmonary arterial branches were occluded by thromboemboli, and there was early pulmonary infarction in much of the left lung. A coiled thrombus, whose appearance suggested a venous rather than a primary intracardiac origin, was found in the rightsided cardiac chambers, straddling the tricuspid valve; one end of the thrombus was wedged in a probe-patent foramen ovale ( fig. 3 ). Except for hepatic venous congestion and papillary necrosis in the right kidney, no abnormality was found.
Discussion
The occurrence of right-sided intracavitary thromboembolism has long been recognized,2 although very few cases have been described.5 13 In a series of 2000 consecutive autopsies,9 four cases of embolism into the right ventricle, thought to be the cause of death, were described.
Antemortem diagnosis of this condition is rare. The sudden development of a systolic murmur or positionrelated cyanosis, in the presence of known deep vein thrombosis, has been said to be suggestive of this complication, 13 but deep vein thrombosis is often clinically silent."7 The condition is commonly associated with pulmonary embolism.6' 7, 10 1213
Covarrubias et al.'8 described the M-mode echocardiographic appearances of multiple shaggy echoes adjacent to the tricuspid valve in a patient with sudden hypotension, multiple systolic clicks and a systolic murmur at the lower left sternal edge. The patient died approximately 2 days after echocardiography, and autopsy revealed a saddle embolus in the main pulmonary artery. The authors postulated that the clinical and echocardiographic findings were due to an embolus that became temporarily entrapped at or near the tricuspid valve and subsequently migrated to the main pulmonary artery.
The present case appears to be unique in that the right-sided intracavitary thromboembolism was recognized by two-dimensional echocardiographic exami- nation soon after admission to hospital, was present the next day when angiography was performed, and remained in situ until the patient died, presumably from further pulmonary embolism. Although emboli have generally been described as entrapped in the tricuspid valve apparatus, in this case passage of the embolus through the right side of the heart may have been prevented by wedging within a probe-patent foramen ovale, a common anatomic abnormality also present in the case described by Covarrubias et al. '8 The use of echocardiography to assess pulmonary embolism has not been widely reported. Kasper et al. '9 described an increased dimension of the right pulmonary artery, as assessed by suprasternal M-mode echocardiography, in patients with an elevated mean pulmonary arterial pressure after pulmonary embolism; the ratio of right to left ventricular end-diastolic diameter correlated well with the angiographic index of severity of embolic obstruction in patients with acute pulmonary embolism, provided there was no history of previous cardiopulmonary disease. Kasper and colleagues2' also described the echocardiographic demonstration of thrombus in the right pulmonary artery from a suprasternal approach. We have seen another patient in whom bedside M-mode echocardiography revealed an echo-dense mass in the right ventricular outflow tract; subsequent immediate pulmonary embolectomy resulted in the removal of a large thrombus and the patient made a good recovery.
We believe that echocardiography can be useful for assessing patients with suspected pulmonary embolism. Confident When surgical therapy is thought to be indicated for pulmonary embolism, the preoperative identification of intracavitary thromboembolus calls for exploration of the right atrium and right ventricle (a departure from standard surgical treatment'i 3) to remove it. If left in situ, the embolus might jeopardize the success of the operation by obstructing the tricuspid valve or by acting as a source for further pulmonary emboli.
Whether the identification of right ventricular or right atrial thrombus should be regarded as an indication for surgical rather than medical treatment is conjectural. Left ventricular thrombus sometimes disappears rapidly with conventional anticoagulant treatment,24 but its structure and natural history may well be different from thrombus that embolizes to the right ventricle. In retrospect, the death of our patient after an initially satisfactory response to streptokinase may even have been due to further pulmonary embolism after partial dissolution of the right atrial and ventricular thrombus, a possibility already recognized with streptokinase treatment of peripheral venous thrombosis.25 In patients who already have a compromised pulmonary vascular bed, the presence of intracavitary thrombus should probably be considered an indication for surgery. 
